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ABSTRACT

Studies were made to develop adequate Iinspection methods of evalu-
ating properties of material used in the fabrication of the 7,62mm
Ml4 bolts, and to determine the feasibility of using the developed
method for final and in-process inspection. These studies included
(1) Investigation of bolt malfunction, (2) nondestructive tests re
magnetic permeability comparisons, weasurements of baslc magnetic
properties, oscilloscope wave form pattern studies, hardness in-
vestigations, (3) bolt segregation tests, (4) simulated impact tests,
and (5) application to final and in-process inspection. A test
method combining Rockwell C surface hardness, magnetic permeability
r:adings, and oscilloscope wave form patterns was developed to evalu-
ate properties of material es:d in the 7.62mm M4 bolt. The conbi-
nation test method was found to be too complicated to specify as a
final or in-process inspection method. A magnetic comparison method
similar to that employed in the segregatfon program could be used as
a means to determine uniformity of components within individual heat
lots. Procedures arec discussed and results given. 1t was recommend-
ed that the investigative program be continued.
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SUBJECT
Nondestructive Test Investigation of 7.062mm M14 Bolts.

PURPOSE

This investigation was conducted to develop adequate inspection

methods for evaluation of material properties of bolts impounded
because of scrious weapon malfunctions, and to determine the feasi-
bility of the devcloped method for final and in-process inspection
of bolts to control quality.

SCOPE

A summary of the following investigations conducted by Research
and Materials Laboratories, Springfield Armory, 1is given.

L. Investigations of Bolt Malfunction at Fort Benning and
at "Code HG" Plant.

2, Nondestructive Tesrt Studies.
a, Magnetic Permcabllity Comparisons
b. Mcasurenments of Rasic Biyneric Properties
c. Oscilloscope Wave Form Pattern Studies
d. Havdness Iavestigations

3. Bolt Segregation Tests.

4, Simulated Impact Tests.

5, Appllcation to Finul and In-Process Inspection.

CORCLUSTONS

1. A test method combining Rockwell ¢ surface hardness, mag-
netic permeability readings ood oscilloscope wave form patterns was
developed to cvaluate matericl proaparties of boits impounded at
Raritan Arsenal., A total or 33,808 bolts was inspected, with
26,848 of these rcasscmbled into weapons,

2. The combination test method is too complicated to spec-
ify as a final or in-proccss inspectton wethod, Engineers exper-
ienced with the scgregation propram aund cognizant of wave pattern
diffevences and resultant bolt matevial propevties could employ the
method, but the test {s not sutficiently refined to specify limits

and procedurcs to be incorpordated in a drawing or specification for

general Inspection,
G-
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CONCLUSIONS ~ Continued

3. A magnetic comparison method similar to that employed
in the segregation program could be used by contractors as a
means to determine uniformity of components within individual
heat lots, but mot as a final or im-process inspection. Magnetic
data gathered in conjunction with destructive examinations would
be helpful in controlling process variables.

4, Magnetic nondestructive tests in themselves did not corre-
late directly with bolt material properties. Each magnetic in-
vestigation initially appeared to offer good correlation: byt was
found in later studies to be influcnced by different heat-treat
practices and proccdures used by contractors. Magnetic permed-~
bility tended to increase with increasing percentages of free
ferrite in the core and to decrease with higher core hardness;
it was shown to be affected also by surface hardness and temper-
ing time and temperature to a great extent, Rectentivity and
coercive force measurcments indicated corrclation with core harde-
ness within individual heats of bolts but were shown to be more
affected by tempering tcmperature than by core hardness, Distor~
tion in the negative portion of wave form patterns correlated well
with high core hardness when bolts were not highly tempered or re-
tempered.

5. Simulated impact tests at ambient and cold temperatures
indicated that bolts with high core hardness fractured with the
least number of impact blows and at the lowzst heights for most
part; those within gpecification and those with higher percentages
of ferrite in the core exhibited the best impact properties, The
presence of free ferrite, however, makes the core susceptible to
fatigue failure.

RECOMMENDATTIONS
It is recommendnd that:
1. A study be continued by Research and Materials Laboratories
to determine the effectivencss of Rockwell C and D hardness measure~
ments for estimation of bolt lug area core hardnesa (method has

proved reliable to date on similar receiver studies).

2. Destructive examinations be continued at this time as
in-process control of bolt quality.

J. Contractors be urged to usc the magnetic permeability test
to control heat-trecating practices.

]

L g 5 e TR i R RGP



REPORT
SA-TR19=1507

I. Introduction

This program arose ag a result of an evaluation made on the
metallurgical characteristics of Ml4 bolts and receivers involved
in failures at Fort Benning, and from material currently supplied
by all contractors for these items, This evaluation was requested
at an M14 Task Group meeting held at Springfield Armory 28 December
1960 to determine the cause of four serious malfunctions of the
MLl4 rifle reported by Fort Benning on 15 Deccmber 1960. During
the investigation of the Fort Benning malfunctions, a "Code HG" re-
ceiver fractured on firing the first proof round. Metallurgical
reports given at the meeting indicated that two major factors were
immediately apparent: the use of improper vecelver material and
inadequate heat~treatment of bolts., Separate studies were con-
ducted on many phases of the problem ir-luding ammunition, design,
manufacturing and inspection procedures. 1In addition, malfunctions
necassitated the rcquirement for nondestructive methods to tast
components insuring a high degree of confidence in the weapon and
its component parts. Springfield Arwmory Report SA~TR19-1506 dated
7 November 196] sunmarizes results of nondestructive test investi-
gations conducted on Mi4 vecelvers; this ruport details the test
studies made on M1l4 bolts.

Subsequent investigatlons on produciion bolts and observation
of process methods employed by contractors indicated a most com=
plex problem. Both gas and liquid carburizing methods were used
in manufacture, Variations in equipnent and heat-treating prac-
tices at different plants plus variations introduced into compo-
nents in an attempt ro saivage otherwise rejected parts due to
skipped operctions, distortiou, and inaldequate heat-treatment re-~
sulted in extremc variations in wmaterial properties. Process vari-
ables included wide differences in carburizing time and tewmperature,
carburizing medium, and carbon potential resulting in different
case depths,structure and hardness; type and speed of quenching oil
together with different temperature, circulation, and degree of
agitation; choice of tempering time and tewperature to meet hard-
ness requirement,

Lstablishment of acceptance criteria was extremely difficult
becauge the number of failures had been small and actual conditions
producing failures were not known. Bolts had not only variations
in structure, differences in case and core hardnesses, ard depth
of case but also machining deficiencies, poor surfaces, lack of fil-
lets, and other stress raisers, Probability was high that failures
only occurred when some combination of condltions existed in the
companent,
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I, Introduction ~ Continued

For clarification of acceptamce criteria, bolt specification
requirements were reviewed and additional requirements of core struc-
ture and core hardness imposed. Requirements which formed the basis
for nondestructive tests were as follows:

Material: 8620H Resulphurized Steel (Carburized) ,
Cage Hardness: Rc 54-59

Core Hardness: Re 35«42

Case Depth: .015-.020 inch

Temper Temperature: 425°F (max)

Core Structure: 107, Free Ferrite (max)

I1. Ihvestigations, Bolt Malfunctions at
Ft., Benning and at 'Code HG'" Plant
?
A, Procedure

The following bolts of 8620H steel composition which failed
were subjected to visual and magnetic particle inspection, dimensional
analys.’'s, and metallographic examinations:

Malfunctions at PFt, Benning

Rifles 19453, 19478, 19391 from “Code WH"
Rifle 19656 from Springfiecld Armory

Malfunction at Code HG" plant

Rifle 73293 from “Code HG"

B. Results

1. visual and Magnetic Particle Inspection

a, Bolt, Rifle 19453

The right lug was sheared off completely, The ori-
gin of the fracture appeared to be at the rear radius of the lug.
Cracking also initiated at the rear radius of the left lug extending
diagonally into the head and terminating at the cartridge seat area
\Figures 1 and 2). Fracture (Figure 3) initiated in tha locking lug
radius and progressed by fatigue to a depth of 0,060 to 0.100 inch when
catastrophic failure occurred.

-9e
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FRACTURED BCOLT HEAD
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B. Results -~ Continued

b. Bolt, Rifle 19478

Y

Excessive wear was noted at the bottom front face of
the left-hand lug. Crack indications were observed across half the
rear fillet of the right-hand lug.

c. Bolt, Rifle 19391

The left-hand lug was almost completely sheared. Mag=~
netic particle indications of two parallel cracks extended across the
radius of the right-hand lug with one extending around the corners.

d. Bolt, Rifle 19656

A triangular section approximately 7/8-inch long was
broken off at the base of the ejector pin hole. Magnetic particle
tests indicated cracks in the fillets of both lugs. Considerable wear
and indentation were present on the rear face of the left~hand locking
lug.

e. Bolt, Rifle 73293

Magnetic particle inspection revealed ilndications of
cracks along the body radius of the left-hand lug extending to the
chamfered corner. The bottom of the right-hand lug diaplayed abnor-
mal paening from contact with the recciver lug., Indentation at the
face of the left-hand locking lug was quite severe for firing one
proof round,

2. Dimensional Analysis

a. Bolt, Rifle 19453

: A dimensional check in the location of the locking
lug surfaces indicated a misalignment of 0.001 inch over the permia-
sible 0.002 inch. The fillet at the base of the left-hand lug was
0.006 inch. This is below the specified 0.020-0,010 inch.

b. Bolts, Rifles 19478 and 19391

No dimensional checks were made,

¢, Bolt, Rifle 19656

Bolt had the forward edges of the locking surfaces
approximately 0,003 inch forward of the drawing requirements and
the rear edges misaligned by 0.0025 inch.

-13-
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2. Dimensional Analysis - Continued

d. Bolt, Rifle 73293

No dimensional check was made.

3. Metallographic Examination

Sections cut from the locking lugs were used for all
metallographic specimens prepared from this group. Specimens were
steel and subsequently in the etched condition, The material in
all the bolts appeared to be reasonably clean and free from objec-
tionable inclusions, except for bolt 19656 which exhibited a heavy
group of aluminum oxide inclusions. Tabulation of results obtained
in metallurgical examinations are shown in Appendix A, Section 1.

a., Bolts, Rifles 19453, 19478, and 19391

These failed bolts contained approximately 50 per
cent proeutectold ferrite in the core (Figure 4). Because of its
occurrence with a microstructure containing a high percentage of
martensite and low-temperature transformation products, it was con-
cluded that these bolts had been held below, and quenched from,
slightly below 1520°F, the AC3 transformation temperature for 8620
steel. This conclusion was substantiated when Task Force groups
reported that 'Code WH" procedure involved carburizing followed by
slow cooling, and reheating to 1475°p-1500°F for the final quehching
operation,

b. Bolt, Rifle 19656

The microstructure appeared to be normal, {i.e.,
characteristic of that obtained by Springfield Armory production
heat-treating procedures (Figure 5). The core displayed small amounts
of proeutectold ferrite, 5 per cent maximum, with the remainder a-
bout evenly divided between upper and lower transformation products.

c. Bolt, Rifle 73293

The microstructure in the core consisted mainly of
martensite and lower bainite with a small percentage of upper
bainite and traces of free ferrite. The case contained approximately
20 per cent retained austenite to depths of 0.004 inch. Photomicro~
graphs of the case and core together with the crack observed in the
rear fillet.of the left hand lug are shown in Figure 6.

-14-
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""CODE HG" Ml4 BOLT - RIFLE 73293

FIGURE ¢
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IIX. Investigations: Nondestruetive Magnetic Test Studies

Many varicd nondestructive wapnelic test studics were conducted
at the Avmory in an attempt to devejop adequate test metheds for
bolt inspection, In connection with tests, a great wamber of bolts
were gectioned and metaliurgically oxamined to determine structure,
hardness, and case depth data. Rach magnetic investigation required
additional destructive examinations becauge once sectioned, the bolts
with then known properties could not be used, The bolt section used
for metallurgical examinations in all studies is shown In Flgure 7.
Watertown Arsenal persouncl assisted the armory in wmctallurgical exe
aminations of bolts,

A. Magnetic Permeabilitvy Comparisons

1. FEguipment Imployed

In the initial wvork, wapgnctic comparator type eguip-
ment was employed. The cquipmrnt s shown in Riguve 8. Basically,
it contained a 60 cps peuncrator, & ypoit of similav coile, an ampli=
fler, and filtey and actecior cirouits for indicating the resultant
coll output voltage, Each of the gimilar coil units contained a
primary and a sccondary winding., Tte primaay winding of cach coll
applied an a.c. magnetizing field to the sanpic piced in the coil.
The secondary windings were cenuwcted in series opponsition so that
enly the differcnce~voltage between the Lwo secondarles was measured
by the indicator cizcult., Vhen btike suples with identical magnetic
propercica are placed within the ¢i14, the induced voltage in cach
secondary winding is caqual and the reounivane sutput woltage 1s zero.,
In the actual test, a roference bolt oo placed in one coll vhere
it remained throughout the test. Dolts beivy compared were then in-
serted in the other coil.

2. Resulte

Bnits heat-treated by pas and ligquid carburizing pro-
cesses ware tested., Boleos Lelncted for tests ware taken from lots
known to contaln varying perceatage of freo roavite in the core,
others with high core hardnccsg, end some within specifization re-
quirements, Four mapgrctlc couwparison varfations were studled to de-
teymine which one revealed widest differences with bolts examined,
Wave forms were noted in order to study phasc shifts and prescace of
harmonics, Filter networks miade L1t possible to measure rhe resultant
secondary output in terms of the faondamental frequency only (60 cps),
the third hacmonic only (180 cps), the fundamental plus all harmorics,
and all harmonics with the fundamental filtered out,

~18-
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Figure 7
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Test Specimen for Cage Depuh, Prec Forrite, and Core Hord=ess Toato

Bolts chall be pactionsd ses indicated sbova. Burfeces
shall be ground (fisme grind) parallcl as shown., S8urfece A ghall
ba prepared for tests im eccorvdance with SA 8T-104, Test bSethod
Mo. 102 (Stepe 3 (a) end 3 (b) not required . above proceduss).

(Bxtrems care chould be exercised in cuttimg bolt oo ae
pot to burn, temper, or change wicrostructura of asy .surface.)

=19




:
&
g
&
3

———

MAGNTTIC ANALYSIS PRODUCTICHN

URE

F

REPORT
§A=~TR19=1507




REPORT
S§A-TR19~1507

A. Magnetic Permeability Comparisons - Continued

Widest magnet?: differences were noted employing the funda~-
mental wave pattern only (60 cps) and the fundamental plus all hax-
monilcs, Metallurgical examinations revealed wide variation in core
properties. Magnetic readings indicated a general grouping with
properties, but with unaccountable differences within each group.
Readings primarily vepresenting a permeability measurement appeared
to show that permeability increased with increasing percentages of
free ferrite in the core and decrcased with higher core hardnesas;
however, too many exceptions were noted to assume any correlation,

B. Measurements of Basic Mapnetic properties

Because permeability appeared to offer insufficient correla~
tion with core hardness, studies of other wmeasurable magnetic proper-
tiesp such as retentivity, coercive force and residual flux density
were undertaken,

1. Retentivity Measurements

a, Equipment Employed

Retentivity, the flux density remalning after a mag=-
netizing current sufficient to cause saturation has been applied and
reduced to zero, was measured with laboratory equipment comprising a
d.c, power supply, a magnetlzing coll and 4 paussmeter. Arrangement
is shown in Figure 9. 1In addition, the opposing current required to
bring the retentlvity to zero wasg recorded. Mcasurements were ex-
tremely sensitive to probe position.

b. Results

A plot of opposing current (~Iy) versus Rockwell C
core hardness data on bolts from "Code WL" heat-treated as a group 18
shown in Figure 10,

Graph indicates yood correlation of (-Ip) with
averaged core hardness on this group of bolts. Unlorctunately, how-
ever, vhen bolts from varicus heat-treat processcs were tested and
metallurgically examined, data did not plot lincarly. Nuncrous re-
sults did not fall on the curve. Compilation of opposing current
data hardness measurements, and microstructure examinations are shown

in Appendix, Section 2. Data show that very hard bolts (Rc44-46) which

had been rctempered gave ¢I;;) valuea of 350-370 milliamperes, Bolts
which were not retempered and had hardnens (Rc 37-40) measured
400-410 ma, Another group retempered at 530°F with core hardness
(Rc 41-43) had (~Iy) data in the vicinity of 265 ma, It was thus
concluded that the measurement was more aifected by tempering tempera-
ture than core hardness,

“21-
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FIGURE 10 OFFOSING CURRENT VERSUS CORE HARDNESS (W
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B. Meagurements of Basie Magnetic properties - Continued

2. A. C. Hysterasig Loop Measuremaptg

a, Equipment gmployed

A. C, hysteresis loop measurements were next made in
an effort to corralate core hardness. A 60 cps generator was used to
induce an A. C. fleld in a u-chaped, high permeability, laminated
core. A sacondary winding encircled the bolt, The bolt was placed
Against the pole faces of the laminated core; thug the magnetic cire
cult was completed. By means of a phase shifting network, a hyster=

esis loop wag displayed on an oscilloscope. The experimental arrange-
ment {8 shown in Flgure 11,

b, Procedqgg

Coercive force (Hp) and residual flux denaity (Bg)
measurements wera recorded on nearly 200 bolts; first, at saturation
flux density; then, at a constant flux density below saturation.

The greatest sensitivity was indicated with the use of the latter.
Before destructively exanining any of these bolts, magnetic readings
were recorded with the use of a previous magnetic comparator setup in
an attempt to gather as wmuch data on this group of bolts as possible.,

¢. Results

Coercive force, residual flux density, and core hard-
ness data obtained on eighteen "Code WH' bolts are listed in Table 1,
Additional metallurgical data compiled on these bolts are shown in
the Appendix, Section 3.
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Bs Measurements of Basic Mapnetic Propertjeg - Continued

TABLE 1

Coercive Force, Residual Flux Density, and Core Hardness Data
on "Code WH" Bolts

Constant Magne tizing Constant Flux Density Range
Bolt Current above Saturation Below Saturation Cora Hardness
Identity He x 2 Bp x 2 He x 2 Bp x 2 Re
661184 -8 3.75 5.0 3.55 8.9 hl,5-43,5
.-18 3.75 5.4 3,35 8.75 42~43
tog 3.7 5.4 3.35 8.8 42, 5-44
-12 3.8 5,25 3,45 8,8 41,5
-11 3.8 5.2 3.4 8.9 40,5+-42,5
-16 3.8 5.4 3.35 8.6 40-42
~15 3.7 5.3 3.3 8.8 40.5-42,5
=13 3.75 5.4 3.3 8.7 30.5=42
~10 3.7 5.6 3.2 8.7 4=42
-5 3.7 5.5 3.2 8.75 40=42
=3 3.8 5.55 3.3 8.7 38-40.5
~1 3.8 5.45 3.2 8.5 38~41
-4 3.7 5.3 3.3 8.8 36, 5-38
-17 3.7 5.4 3,2 8.7 34,5-39
-2 3.7 5.3 3.2 8.6 32+40
-14 3.7 5.5 3.1 8.6 35+37.5
-7 3.8 5.2 3.15 8.7 32439,5
-6 3.75 5.6 3.1 8.7 34437
-76a
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B, Measurements of pasic Magnetic Propercties « Continued

In total approximately 60 bolts were sectioned and the metal-
lurgical results most carefully compared with the collected magnetic
data. Promising correlation of coercive force versus core hardness on
this group of bolts was indicated with data obtained at constant flux
density below saturation. However, as with retentivity studies, in
measurements made on retempered bolts, it was ghown that coercive
force was more affected by tempering temperature than core hardness.
Table siiows coercive force and hardness data on Armory bolts from
heat lot CA3 tempered at 400°F, and “Code HG" bolts identified CAO5
retempered at 530°F.

TABLE 2
Hysteresis Loop and Hardness Data on Bolts Normally Temperad and
0 " " .Retempered at High Temperature
Congtant Iy Conastant Flux Density Range
Bolt Above Saturation Below Saturation Core Hardness
ldentity He x 2 Bp x 2 He x 2 Bg x 2 Re
CA3 -4 4,0 5.9 2.7 8.0 41,5~42
"9 3.9 600 2.6 7.8 37-41
=25 3.9 5.9 2.7 7.8 39-40
CAOS -1 2.9 5.9 1.7 4243
2 2.8 5.95 1.65 43a44
3 2,9 5.9 1.7 Lbrhs
4 2.8 5.9 1.65 41-42

Previous studies appeared to show that coercive force increased
with hardness; whereas, results of the present studies show that coer-
cive force was more influenced by retempering at high temperatures than
by core hardness, Bolts of higher core hardness had coercive force de-
crease when retempered,

A plot of coercive force versus magnetic comparator readings
appeared significant (Figure 12). It was possible for a boundary line
to be drawn on the data plot which divided for most part acceptable
components from deficient ones. Bolts containing a high percentage of

-27-




FIGURE 12 PLOT OF COERCIVE FORCE VERSUS MAGNETIC COMPARATIR READINGS
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B. Measurements of Basic Magnetic Properties - Continued

free fexrite were separated from those which had been highly tempered
or retempered. Previous magnetic comparisone had not differentiated
these conditions. A 100 per cent correlation was not obtained; how~
ever, a few gas-carburized bolts (P3 and P4) with comparatively low
surface hardneas and very high core hardness upset the correlation in
that these plotted within a group of acceptable bolts, Metallurgical
results comprising suxrface and core hardness, microstructure, and
case depth measurements on bolts plotted are shown in Appendix, Sec~
tion 4,

3. Hardness = Magnetic Permeability Investigation

The noted discrepency in correlation proved most important
becauge greater concentration was now given to the surface hardnessg
varia?len Because flux density is at a maximum on the bolt surface
and decreases in an exponential wanner into the core, it seemed most
reagonable to more carxefully consider surface hardness when examining
the magnetic data with respect to core hardness.

. Table 3 indicates that magnetic readings were affected
greatly by surface hardness, Rockwell ¢ core hardness was essentielly
tha seme, surface hardness varied, and magnetic resdings differed by
approximately 85 points,

TABLE 3

Effect of Surface hardness on Magnetic Readings

Magnetic Reading Surface Hardnees Body Core Hardness
Re Re
+25 62 38.5, 39, 39, 42, 42
-31 58 38, 39.5, 39.5, 40, 4l1.5
=62 55.5 39.5, 40, 41, 42, 42,5

Table 4, however, likewise| indicates that core hardness
influences magnetic readings. Bolts of similar or identical surface

hardness were selected and magnetic rcadings and core hardness were come
pared.

=29
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B. Measurements of Basic Magnetic Properties - Continued

TABLE &

Effect of Core Hardness on Magnetic Readings

Magnetic Reading  Surface Hardness  DBody Core Havdness

RC Re
=3 56-56 43, 43, 43, 43,5, 44
-4 55-57 42.5, 43, 43, 44, 45
=20 55.5-57 37, 38.5, 39, 39, 39.5
=27 55-56 36, 39, 40, 40.5, 40,5
~42 56-56 36, 37, 38, 38, 39
-62 55-56 36, 36, 36, 37, 37.5

Magnetic and hardness data were next plotted and studied,
A chart relating surface hardness, magnetic reading, and core hard=-
ness was developed., With surface hardness and magnetic reading
known, it is possgible to predict core hardneas from this chart
(Figure 13),

C. Wave Form Pattern Studies

At thisg point in the investigation 1800 bolts were received
from Raritan Arsenal; these bolts required some type of segrepation
because of the urgent need for supplying the field.

Magnetic permeability and Rockwell C surface hardness measure-
ments were recovxded on all 1800 bolts. Twenty-five of these bolts
were selected and a prediction of core hardness made. Twenty=-four
provided an accurate determination of core hardness within + 1.5
points Rockwell C. The other was 5 points Rockwell C harder than
predicted,

In the conducting of the magnetic permeability tests, similar
characteristic wave form patterns were observed on the oscilloscope.
Three basic patterns,wlth manvy variations of these, were apparent,
Designated pattern 1 was an undistorted sine wave; pattern 2 had third
harmonic distortion; and pattern 3 indicated severe distortion of the
60 cps fundamental on the negative portion of the display. Hardness
measurements and microstructure examinations were made on bolts with
above characteristic patterns, Table 5 lists hardness, magnetic read-
ing, and pattern information gathered on 19 bolts. Other metallurgi-
cal data on these bolts, and additional magnatic and metallurgical
investigaticns made ip thisé study are compiled in Appendix, Section 5.

-30-
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C. Wave Form Pattern Studies - Continued

TABLE 5

Data on Bolts with Basic Wave Form Patterns
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Bolt Magnetic Basic Wave Surface Body lLug
Identity Reading For Pattern Hardness Core Hardness Core Hardness
Rc Re Re
67988 ~15 57.5-58  38,38,39,39,39  39,39,39.5,40,5,42
69216 -18 59-59 39,39,39,40,41  37,39,40,40,5,41
77533 -32 58-59 36, 36,36.5,37,37 37.5,38,38,40,40,3
78153 -50 57.5-59  36,36,36.5,37,37 36,37,38,40,40,5
75089 92 54.5-56  37,37,37,37,39  37,38,39,39.5,42
69832 +20 59 39,40,40,42,43  42,42,43,43,43.5
76002 +12 61.5-62  38,39,39,41,42 ?6.36.5,37.5,38.5,
70825 0 55.5-56  36,38,38,38,40 §g,37.5,38,33,42
70190 -2 58-58 39,39,39,40,41  40,40,42,42,5,42.5
68722 24 58.5-59  36,36,37,38,39  37,37.5,38,40,40
71355 -27 57.5-58.5 37,38,38,39,41  38,39,39.5,40,41
73237 -33 58 36,37,37,39,40  35.5,35.5,35,5, 36
77109 -36 57.58,5  36,37,37,40, 40 §§:§,36,36,36.5,3?
70400 -10 57.5-58  41,44,45,45,45  43,45,45,45, 46
69981 -12 57.5-58  42,43,45,45,45 44, 40,5,45,45,45
74387 -14 56,5-57.5 42,43,43,43,46  43,5,43,5,46,44.5,
74823 ~15 53.5-56  43,45,45,46,46 23:2,43.5,44,44,43
77188 =27 58.5-59  42,42,43,43,43  41,43.5,43,5,44, 44
16924 -75 56,5 42,45,45,85,45  44,45,45,46,46
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C. Wave Form Pattern Studieg = Continyed

Results show that bagic patterns offer gome correlation. Bolts
with basic patterns 1 and 2 haye core hardness within specification;
bolts with pattern 3 consistently indicate high core hardness above
specification requirements,

In order that pattern variations be stydied further, spproxi-
mately 150 oscillograms were taken of the differing degrees of distore
tion., The corresponding bolts were sectioned and metallurgically ex-
amined. Six obvious patterns and their variations were correlated
with materisl properties. Patterns correlated are shown in Pigure 14;
metallurgical data are compiled in Appendix, Section 6.

D, Bolt Segregation Tests
o Lo Procedure

Based on results of all studies, a combination test method
employing magnetic permeability readings, Rockwell C surface hardness
measurements, and oscilloscope wave form patterns was used in bolt
sagregation, A Rockwell C hardness measurement was taken on the rear
part of the bolt or on a lug area. The bolt was then subjected to mage
netic test wherein amplitude and pattern were noted. The combination
was evaluvated and bolts were segregated into the following groupsy

Group A - Core hardness Re 35~42,5,core structure ferrite
less than 10 per cent.

B = Core hardness Rec 42.5-45%,
C - Surface hardness outside Re Specification,
D ~ High temper or Tetempar,
E - Core hardness greater than Re 435,
F = Core hardness less than Re 35,
G - Core structure excess free ferrite,
R = Rejected other’' unfavorable conditions,
2. Results
A total of 33,808 bolts was Inspected at Springfield

Armory amploying the combination test method. Segregation inco each
group was as follows: '
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D. Bolt Segregation Tegts = Continued

- 6,821
20,021
660
3,399
. an
587
2,220

13, 508

Based on decision of higher authority, Groups A snd B represented
acceptable groups for reassembly into weapons, As such, 26,848 bolts were
salvaged. '

Group

EoE0aeE >
i

Eo, Simulated Impact Tests

1. FProcedure

In an effort to evaluate various groups of bolts segregated
by magnetic methods and to determine if correlation existed between come
ponent impact strength and its metallurgical properties, impact tests
were conducted employing a Tinius Qlsen Drop Tester. To this end a f£ix-
ture was designed and fabricated to hold the bolts in a manner similar
to that of the weapon receiver. The component rested vertically in the
fixture on its rear locking lug faces, A cap held in place by locking
pins rested on the front locking lug faces. Through a hole in the cap,
a piston was Inserted in contact with the bolt cartridge seat, Drop
tegts were -conducted at ambient and cold temperatures from various fixed
heights and inereasing heights with 10~ and 20-pound hammers. Bolts for
tests were salected from evaluations made of surface hardness, magnetic
reading and wave form pattern,

2. Results

Initial tests made with a 20-pound hammer and an impact
force of 40 foot-pounds were inconclusive in that the test was considered
too drastic, All bolts faliled after a single or only a few blows.

Bolts with patterns characteristic of structures and core
hardness within specification (Group A), those with core structures of
varying percentage of ferrite (Group G), and those with core hardness
higher than apecification hardness (Group B) were next tested with an
impact of 10~pound hammer at 3 foot height. Regults in Appendix, Section
7 show that holts of highest core hardness fractured with the least nume
ber of blows for most part. Bolts within specification and those with
higher percentages of ferrite in the structure exiibited the best impact

propevties, From experience with initial fallures, it waas apparent that
low core hardness and/or free ferrite in excess of 10 percent produced a
weak component which will fail prematurely in €atigue.

“35-
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E. 8imulated Impact Tests ~ Continued

Highly tempered or retempered bolts, because of the large gquantity
found in segregation, were next studied. Tempering in itself is gener-
ally considerad beneficial but for 8620H material it was found that
bolts were approaching a "blue brittle range' with the temperatures
ugsed, Charpy impact tests had shown that impact strength dropped sharp-
ly on boltg that had been tempered at 5300F, Additional magnetic and
simulated impact studles were attempted in order to evaluate accept=

able conditions.

Because highly tempered and retempered magnetic patterns had large
amplitudes with variations hard to detect, double exposure oscilloscope
records were taken on bolts studied, The first exposure was taken with
the bolt in its proper position within the coil; the second exposure
was made with the bolt pulled out until the meter read zero. With thisa
procedurg, four basic patterns designated Al, Bl, Cl and D1 were noted.
Basic patterns are shown in Figure 15,

Simulated impact tests made on bolts with these various patterns
employing an impact of 30 footepounds indicated that bolts with patterns
Al and Bl withstood the greater number of impact blows, Metallurgical
results indicated that pattern Al had fairly high percentages of free
ferzite in the core (10 to 25%). Bolts with patterns Cl and D1 failed
quickly (1-3 blows); corresponding core hardness was high. Impact test
and metallurgical data are compiled in Appendix, Section 8,

Tests were also conducted at temperatures approaching =65°F. The
fixture used to align bolts was incased in dry ice and acetone. Bolts
were soaked in the bath before insertion in the fixture. The impact
test machine was set so that after impact the hammer was raised an ad-
ditional inch, Successive impacts were thus increasingly higher. Ree
sults (Appendilx, Section 9) were quite similar to those obtained at am-
blent temperatures, Bolts with higher core hardness fractured for most
part at the lowest heights; bolts with higher percentages of ferrite in
the core fractured at the highest h:ights,

Although results indicated that bolts with high percentages of fer-
rite in the core gave best impact results, the presence of free farrite
makes the core susceptible to fatigue failure,

-36~
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FINAL AND IN=PROCEESS INSPECTLLION

Although results and progress on the bolt segregation program were
most successful, it 1s felt that the combination of tests with surface
hardness, magnetic reading, and wave form pattern is too complicated
to employ as an in-process inspection method. Engineers who are ex-
perienced with the problem and have observed wave form pattern differe
ences and resultant material properties are able to make suitable segre~
gations but the test is not sufficiently refined nor of relative
ease to specify limits and procedures which could be incorporated #n
a drawing or specification for general inspection.

A test method employing a combination of Rockwell C and D harde-
ness measurements on the receiver has proven cxtremely reliable for
estimation of core hardness. Studies are ncw being made to determine
the reliability as regards bolt inspuction. A fixture has been de«
signed for taking hardness measurements on the bottom of the left lug
area, Results will be reported upon termination of studies.

~38-
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Metallurgical Data on Bolts in i
A.C. Hysteresis Loop Measurement Study i
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Section 6

Metallurgical pata on Bolts
in Oscillogram Study
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Section 7

Impact and Metallurgical Data on
Bolts on Impact Test Study
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